My colleagues and I have proposed four stages of the gyrification processes in primates on bases of cerebral growth and gyrification: Stage 1. Emergence of the primary sulci demarcating cerebral lobes and limbic cortex; Stage 2. Emergence of the primary sulci demarcating neocortical gyri; Stage 3. Appearance of small sulci recognized as secondary and tertiary sulci; and Stage 4. Sulcal growth. In this paper, we sought to apply our gyrification stages to the gyrencephalic non-primate mammal, ferret. The ferret cerebrum experiences the emergence of the primary sulci demarcating limbic cortex and a rough demarcation of the neocortical cortex during postnatal days 4 to 10. The gyral delineation occurs during postnatal days 10 to 21, and then, small sulci, which are not related to the gyral demarcation, emerge during postnatal days 21 to 42. I concluded that the gyrification stages in primates could be applied to the ferret cerebrum: postnatal days 4-10, 10-21, and 21-42 might be equivalent to Stage 1, 2 and 3, respectively.
Introduction
Ferret (Mustela putorius) is a small laboratory animal that belongs to a carnivore species of the Mustelidae family [1] . This animal develops characteristic patterns of cerebral sulci and gyri, which are similar to those in dogs [2] and cats [3] , but strikingly different from primates [4] . Recently, the author and colleagues have proposed a concept of the developmental stages of gyrification in primates based on cerebral growth and patterns of gyrification [5] . Here, I attempted to apply our gyrification stages of primates to the gyrencephalic non-primate mammal, ferret.
Gyrification stages of primates
Based on cerebral growth and gyrification, the gyrification processes in primates are divided into four stages: Emergence of the primary sulci demarcating cerebral lobes and limbic cortex; Stage 2. Emergence of the primary sulci demarcating neocortical gyri; Stage 3. Appearance of small sulci recognized as secondary and tertiary sulci; and Stage 4. Sulcal growth [5] . The gyrification is believed to influence on a number of different factors such as genetic, developmental and environmental factors, with complex relations. Our previous studies in cynomolgus monkeys showed the involvement of differential developmental events in the gyrification at each stage. For example, the development of cortico-cortical long associative fibers were spatiotemporally related to the sulcal emergencies at Stages 1 and 2 [6] ; a drastic increase of cerebral volume at Stage 2 was highly correlated with the gyrification [5] ; and primary sulcal lengths changed slightly at Stage 4 [7] .
Application of gyrification stages to the ferret cerebrum
Developments of sulci and gyri of the ferret cerebrum have been reported previously [8, 9] , and their chronologies are summarized in Figure 1 . In the ferret cerebrum, the primary sulci demarcating limbic cortex, i.e., rhinal fissure and sulci, emerged at PDs 4-10 [9] . Then, all cerebral gyri become distinguishable by the primary sulci appearing during PDs 10-21 [9] . In primates, the primary sulci demarcating limbic cortex emerged at Stage 1, and the gyral delineation of neocortex occurs at Stage 2 of gyrification processes following a rough demarcation of the neocortical regions (the cerebral lobes) at Stage 1 [5] . Therefore, PDs 4-10 and PDs 10-21 may be equivalent to Stage 1 and 2 in the ferret cerebrum, respectively.
An anterior ansinate dimple and amygdaloid fissure, which emerged during PDs 21 to 42 in the ferret cerebrum [9] , are recognized as the secondary sulci, because the two have no relations with the gyral demarcation. Therefore, PDs 21-42 may be equivalent to the Stage 3 of gyrificcation process in ferrets. Thus, the gyrificaiton processes of ferrets may be applied to our gurification stages in primates. However, it is unclear whether the sulcal morphology is modified after PD 42 in ferrets. Further study will be needed to examine the morphological changes in the primary sulci at the Stage 4, such as the sulcal lengths and depths, sulcal volumes and gyrificaiton index.
Conclusion
Neurodevelpmental events such as the transient appearance of the outer subventricular zone with basal radial glia and sulcal infolding occur in primates during the fetal period [10] [11] [12] , but in ferrets during early postnatal ages [10, 11] . Such characteristics in ferrets are useful for neurodevelopmental study, because experimental magnifications are applicable directly to the pups. On the other hand, neurodevelopmental and psychological disorders in humans such as a schizophrenia and autism are known to exhibit the gyrificaition abnormality [13] [14] [15] . In this paper, an application of our gyrification stages of primates to the gyrencephalic non-primate mammal, ferret is shown. This may show the possibility that ferrets can be a worthy model for studying the gyrification mechanisms and pathogenesis of the human neurodevelopmental and psychological disorders with gyrification abnormalities.
